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THERAPEUTIC EFFICACY OF HIRUDO VERBANA LEECH EXTRACT
INATHERMAL WOUND MODEL

Actuality. The ongoing environmental crisis, pandemics, and warfare, including the large-scale conflict in Ukraine, have led to a
rise in wound-related conditions, burns, and inflammatory skin diseases. Oxidative stress is a key pathogenic factor delaying wound
healing. There is a pressing need for new dermatological agents with antioxidant, reparative, and anti-inflammatory properties. Leech-
derived products, long used in traditional medicine, are now being explored for these purposes, yet their efficacy in topical applications
remains underinvestigated.
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The purpose of the work. To evaluate the reparative, anti-inflammatory, and antioxidant efficacy of a leech extract in a thermal burn
wound model in rats, and to compare its effects to the reference drug Dioxizol.

Material and methods. Hirudo verbana leeches were processed to obtain a sterile aqueous protein extract. Male Wistar rats with
third-degree thermal burns were treated topically with either the leech extract, Dioxizol, or left untreated. Burn healing progression
was assessed clinically and biochemically over 30 days. Serum concentrations of nitrotyrosine, IL-15, and VEGF were measured via
ELISA. Statistical significance was analyzed using Student s t-test and Mann—Whitney U test.

Research results. Leech extract significantly accelerated wound healing compared to controls and showed greater efficacy
than Dioxizol in terms of granulation, epithelialization, and total healing time. Biochemical analysis revealed a 56% reduction in
nitrotyrosine, a 70% decrease in IL-1, and a 37,5% increase in VEGF levels, indicating strong antioxidant and reparative effects. The
extract’s effectiveness is likely due to bioactive proteins (hirudin, bdellin, antistasin) and compounds such as gibberellic acid.

Conclusion. Topical application of leech extract significantly improves burn wound healing through antioxidant, anti-inflammatory,
and pro-regenerative mechanisms, outperforming the reference agent Dioxizol. These findings support further investigation into leech-
based dermatological formulations.

Key words: leech extract, thermal wound, oxidative stress, nitrotyrosine, IL-18, VEGF.
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TEPATEBTUYHA EQEKTUBHICTb EKCTPAKTY II'SIBKH HIRUDO VERBANA
B YMOBAX MOJEJIFOBAHHS OIIIKOBOI PAHU

Axmyanvuicme. Exonoziuna kpusa, wo mpueae, nandemii ma GitiHa, 30Kkpema noeHOMACumabHuil 30pouHuLl KOH@AIKm 6 Yxpaiwi,
npuseenu 00 3pOCManisi KLIbKOCMI NOPAHetb, ONiKi6 [ 3anaibHuXx 3axe0piosans wKipu. OKUCIIO8ANbHUL CMPeC € KIIOYOGUM NAMO2e-
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HeMUYHUM YUHHUKOM, W0 YROGINLHIOE 3a20€HHs pan. Icnye nazanvha nompeba y cmeopenti HO8UX 0epMamono2iunux 3acooie 3 anmu-
OKCUOANMHOIO, PenapamugHolo ma npomu3ananbHoio dicio. IIpooykmu, ompumani 3 Meouunoi n’a6Ku, AKi 0A6HO GUKOPUCTHOBYIOMbCS
6 HAPOOHI MEOUYUHI, HUHI AKMUGHO OO0CTIONCYIOMbCs, 0OHAK IXHA epeKMUSHICMb 34 MiCYe6020 3aCMOCY8AHHS 3ANUULAEMbCS He
documsp 8UEUEHOIO.

Mema docnidrcenna — oyinumu penapamueHy, npoOmu3anaibty i AHMUOKCUOAHINHY eeKmUsHiCmb eKCmpakmy 3 n’ 60K y MoOeii
mepmiuHoi oniko6oi panu 6 wypie, nopiensamu ii 3 egpexmamu peghepenmnozo npenapamy Jiokcuzons.

Mamepian i memoou. Meouuni n’asxu Hirudo verbana Oynu euxopucmani 01 OMpumanus cmepuibHo20 600H020 OLIKOBO2O
excmpaxkmy. Camyie wypis ninii Bicmap 3 mepmiynumu onikamu Il cmynens nikyeaau micyeso exkcmpaxkmom n’asku, /liokcusonem
abo He niKysanu 63a2ani (KOHMpPonw). JJUHAMIKY 3a20€HHS OYIHIO8AIU KITHIYHO ma Oioximiuno npomseom 30 onie. Y cuposamyi kposi
sumiprosanu konyenmpayito nimpomuposuny, 1J1-15 ma VEGF memooom IDA. Cmamucmuuny 06pooKy npooounu 3 BUKOPUCHIAHHAM
t-xkpumepito Cmuviooenma ma U-kpumepito Manna — Bimui.

Pesynvmamu docniorncenns. Excmpaxm n’saexu 00CmogipHo npucKopiosas 3a20€HHs pan NOPIGHAHO 3 KOHMPONeM I nepesepuLysas
Jiokcuzonv 3a NOKA3HUKAMU 2panynayii, enimenizayii ma 3a2aibHo20 4acy 3a20€HHs. Bioximiunuil ananiz euaeue 3HUdMNCeHHs PiGHs
nimpomuposuny na 56%, lIJI-1f — na 70%, niosuwenna VEGF na 37,5%, wo ceiouums npo nomysichy anmuokcuoanmmy ma penapa-
mueny 0iio. Epexmusnicmo ekcmpaxmy, iMOGIPHO, NO8 3aHA 3 Oi0aKMUSHUMU OLIKAMU (2ipyOuH, 60eniH, aHmucmasum) i CnoiyKamu,

AK-om 2ibepeninosa Kucioma.

Bucrnosok. Micyese 3acmocyéants ekcmpaxkmy 3 n’si60K 00CMOBIPHO NOKPAWYE 3A20E€HHS ONIKOBUX PAH 3A60AKU AHMUOKCUOAHM-
HUM, NPOMU3ANATILHUM | PEnapamusHum Mexamizmam, nepeseputye 3a epexmuenicmio pegpepenmuuii npenapam [iokcuszons. Ompu-
Maui pe3ynvmamu 00IPYHMOBYIOMb OOYLIbHICHL NOOATLUUX OOCTIONCEHD N SBKOBUX OepMAMONIO2IUHUX 3ACO0I8.

Kniouogi cnosa: excmpaxm n’sexu, mepmivHa pand, okucuogarvHull cmpec, Himpomuposun, IJI-155, VEGF.

Relevance. The second decade of the 21st century
has been marked by a deterioration of the environmen-
tal situation, pandemics, accelerated global warming,
heightened solar activity, and a large-scale conflict in
Europe involving the invasion of Ukraine by the Rus-
sian Federation. These factors have contributed to an
increase in mortality, not only due to various types of
weaponry, but also due to a rise in diseases such as cardi-
ovascular conditions, cancer, and other health disorders
(Gobiet et al., 2014).

Stress, somatic pathologies, injuries, as well as ther-
mal and chemical burns have resulted in a large number
of military personnel and civilians requiring treatment
for skin injuries and diseases (Singal & Lipner, 2023).
There is an urgent need for the development and cre-
ation of new effective dermatological agents or topical
dermatological formulations with reparative, anti-aging,
anti-inflammatory, and antioxidant properties. Oxidative
stress plays a significant role in the pathogenesis of the
wound healing process. It is caused by the excessive pro-
duction of reactive oxygen species (ROS) in biological
systems, which cannot be completely neutralized by the
endogenous antioxidant defense system. This condition
reflects a disruption of redox homeostasis (Lopes et al.,
2024; Vona et al., 2021). On the one hand, an excess of
ROS directly damages lipids, proteins, and DNA, caus-
ing oxidative injury to the skin. The binding of ROS to
DNA leads to the activation of proto-oncogenes, binding
to proteins results in collagen degradation, and interac-
tion with lipids causes lipid peroxidation and increased
cell membrane permeability. Chemical damage to the
skin and exposure to ultraviolet (UV) radiation also
induce oxidative damage to macromolecules, leading
to inflammation, photoaging, and various types of skin
cancer.
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On the other hand, excessive ROS participate in cel-
lular signaling pathways by altering the expression of
numerous genes. This contributes to impaired reparative
skin regeneration, skin cell aging, and the development of
inflammatory skin diseases such as psoriasis and dermati-
tis, as well as cancers such as melanoma and squamous cell
carcinoma. ROS also mediate signaling pathways includ-
ing MAPK, JAK/STAT, PI3K/AKT/mTOR, NF-kB,
Nrf2, and SIRT1/FOXO, thereby influencing cytokine
release and enzyme expression. These processes exac-
erbate skin inflammation, promote aging mechanisms,
and delay wound healing (Liu et al., 2023; Jaffri, 2023;
Su et al., 2019). An increased level of ROS that exceeds
the capacity of the antioxidant defense system leads to
chronic inflammation. This chronic inflammation, in turn,
can cause collagen fragmentation, disorganization of col-
lagen fibers, and disruption of skin cell functions, thereby
contributing to the development of various skin diseases.
The use of topical and oral antioxidants may provide der-
matologists with a safe and effective means to modulate
oxidative processes (Kruk & Duchnik, 2014). Currently,
there are several antioxidants used for optimizing repara-
tive skin regeneration during wound healing, treating skin
cell aging caused by oxidative stress, inflammation, and
cancer. The most commonly applied are alpha-tocopherol
and tocotrienols, ascorbic acid, carotenoids, bioflavo-
noids, lipoic acid, ubiquinone, selenium compounds, and
glutathione, as well as niacinamide, also known as vita-
min B3, and thiotriazoline (Papaccio et al., 2022; Bele-
nichev et al., 2024c).

Among synthetic antioxidants used in surgery and
dermatology, thiotriazoline and ethylmethylhydroxy-
pyridine succinate (Mexidol) are notable as potent anti-
oxidants. Antioxidants of animal origin have also found
application. These include egg white proteins such as
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ovotransferrin and phosvitins. Additionally, antioxi-
dant peptides are well known — hydrolysates of proteins
derived from milk, fish, eggs, meat, and by-products
(heads, skin, fins, intestines, blood) (Rathnapala et al.,
2021; Sarmadi & Ismail, 2010; Addor, 2017).

Antioxidants of animal origin reduce oxidative mod-
ification of proteins by inhibiting Fe**-dependent initi-
ation of free radical processes and normalizing the thi-
ol-disulfide system, thereby exhibiting wound-healing
activity (Corino & Rossi, 2021; Abeyrathne et al., 2022).
Antioxidants derived from leeches are of great interest
for the treatment of wounds of various origins. Compo-
nents of leech extract with antioxidant activity, such as
hirudin, bdellin, eglin, calin, and hyaluronidase, contrib-
ute to fibrinolytic, anti-inflammatory, vasodilatory, and
wound-healing effects. Additionally, leech extract com-
ponents exhibit immunomodulatory, antimicrobial, and
anticancer activities (Bilden et al., 2025).

In international practice, oral preparations of leech
extract — Zhixiong capsules and Shenyuandan capsules —
are used as antioxidants in the treatment of cardiovas-
cular diseases (Li et al., 2022). To date, the efficacy of
topical application of leech extract in skin injuries of
chemical and physical origin, as well as in inflammatory
and immune-mediated skin diseases and wounds, has
not been thoroughly studied. The antimicrobial proper-
ties of this antioxidant, particularly the feasibility of its
combination with known antimicrobial agents, require
further investigation. The above considerations under-
score the relevance of the present study.

Materials and methods. Preparation of medical
leeches. The medicinal leeches were maintained using
the modern jar method. They were bred at the educa-
tional-scientific-research laboratory of cellular and
organismal biotechnology at Zaporizhzhia National
University (TU U 05.0-02125243-002:2009 “Medicinal
Leech”, sanitary-epidemiological opinion of the Minis-
try of Health of Ukraine Ne 05.03.02-06/49982, dated
12.08.2009).

Technology for Preparing Leech Extract. Medic-
inal leeches Hirudo verbana weighing 0,8-1,1 g were
selected. They were dried using sterile filter paper, frag-
mented, washed twice in 0,9% sodium chloride physio-
logical solution, and ground in crushed sterile glass with
the addition of a small amount of physiological solu-
tion. After grinding, physiological solution was added
at a mass ratio of 1:10. The mixture was extracted in a
refrigerator at a temperature of +6 °C to +8 °C, centri-
fuged at a speed of no more than 4 000 g for 40 minutes,
and filtered through disposable sterile Millipore mem-
brane filters with a pore diameter of 0,2 um. The pro-
tein concentration was determined using the pyrogallol
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red method on a Beckman Coulter AU480 analyzer (the
protein concentration was 0,486 g/L). The sterility of the
extract was checked by inoculating it on microbiologi-
cal nutrient meat-peptone agar to detect the presence of
bacteria or fungi.

The extract was applied to the wound surface using
compresses. For this, 2 ml of extract was diluted in 2 ml
of distilled water. From this solution, 0,5 ml was applied
to the wound surface on the day of injury, as well as on
days 1, 3,7, 10, and 14.

Laboratory Animals. The experimental studies were
conducted in accordance with the Order of the Ministry
of Health of Ukraine Ne 944 dated December 14, 2009,
“Procedure for Preclinical Study of Medicinal Prod-
ucts and Examination of Preclinical Study Materials”.
The research was performed on an adequate number of
experimental animals, and all manipulations were car-
ried out following the regulations on the use of animals
in biomedical research (Strasbourg, 1986, with amend-
ments made in 1998), the “General Ethical Principles
of Animal Experimentation” (Kyiv, 2001), which are
consistent with the provisions of the “European Con-
vention for the Protection of Vertebrate Animals used
for Experimental and Other Scientific Purposes”. Prior
to the commencement of this study, the Bioethics Com-
mittee of Zaporizhzhia State Medical and Pharmaceu-
tical University reviewed and approved the study pro-
tocols as well as procedures related to animal housing
and their use in the experiments (protocol Ne 6 dated
November 12, 2024).

White nonlinear male rats weighing 260-370 g,
obtained from the vivarium of the State Institution “Insti-
tute of Pharmacology and Toxicology of the National
Academy of Medical Sciences of Ukraine”, were used
in the experiments. Before the experiment, each animal
was examined by a qualified veterinarian to assess its
health status. Subsequently, the animals underwent a
10-day quarantine period and were randomly assigned to
groups depending on the dose of the administered drug.

The animals were housed in polycarbonate cages
measuring 550 x 320 x 180 mm with galvanized steel
lids measuring 660 x 370 x 140 mm and equipped with
glass drinking bottles. No more than five rats were kept
in each cage. Each cage was labeled with the study num-
ber, species, sex, animal identification numbers, and dose
information. The cages were placed on racks according
to dose levels and cage numbers indicated on the labels.
The animal housing room was maintained under the
following conditions: temperature 20-24 °C, humidity
30-70%, and a 12-hour light/12-hour dark cycle (Bele-
nichev et al., 2024a). All rats were provided ad libitum
with a standard laboratory animal diet supplied by the
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company “Phoenix”, Ukraine. Drinking water from the
municipal water supply (subjected to reverse osmosis
and UV sterilization) was given without restrictions.
Alder (Alnus glutinosa) wood shavings, previously ster-
ilized by autoclaving, were used as bedding. Animals in
the cages were marked with gentian violet.

Thermal wound model. Before inducing the burn, the
fur was carefully shaved on an area of 3 cm x 3 cm.
Prior to modeling the thermal wound, rats were anesthe-
tized with sodium thiopental (PJSC “Kyivmedpreparat”,
Ukraine) at a dose of 40 mg/kg administered intraperi-
toneally. The thermal wound was induced by applying a
copper plate with an area of 23 cm?, heated by a nickel
coil to 100 °C, for 5 seconds. This procedure resulted in
the development of third-degree burns of types 3a and
3b. Due to its high thermal conductivity, the copper plate
can dissipate heat deeper into the skin tissue, creating
a full-thickness burn. Histological analysis reveals an
attenuated epidermis with coagulative damage extend-
ing through the entire dermis and subcutaneous tissue.
Furthermore, this model is representative of clinical
situations observed in hospitalized burn patients, such
as impaired immune regulation and bacterial infections.
The model is capable of reproducing systemic bacterial
infections caused by both Gram-positive and Gram-neg-
ative bacteria (Sharma et al., 2022). Animals in the first
group were treated by applying leech extract. Animals in
the second group received applications of the reference
drug “Dioxizol” (JSC “Pharmaceutical Firm Darnitsa”,
Ukraine). The third group served as untreated controls.
The fourth group consisted of intact (healthy) rats. The
medicinal formulations were applied immediately after
the burn and then daily throughout the entire experiment.

Blood collection and preparation of biological mate-
rial. Immediately after the completion of the experiment,
under anesthesia (sodium thiopental, 40 mg/kg), blood
was collected from the abdominal aorta of the animals
using a syringe and transferred into special tubes. The
blood was centrifuged at +4 °C at 1 500 rpm for 20 min-
utes using an Eppendorf 5804R centrifuge. The serum
was collected and stored at —60 °C.

Enzyme-Linked Immunosorbent Assay (ELISA).
Interleukin IL-1B in blood serum was measured as a
marker of inflammation using a solid-phase enzyme-
linked immunosorbent assay with the IL-13 ELISA KIT
Ne KE10003 (Proteintech, USA). Nitrotyrosine was
determined in blood serum as a marker of oxidative stress
and to evaluate the antioxidant effects of the tested drugs
using a solid-phase ELISA with the NITROTYROSINE
ELISA KIT Ne HK501 (Hycult Biotech, USA). Vascular
endothelial growth factor (VEGF) in blood serum was
measured as a marker of skin reparative regeneration
using a solid-phase ELISA with the Rat VEGF ELISA
Kit Ne ab100786 (Abcam, USA). All assays were per-
formed on a microplate ELISA reader Sirio-S (Seac
Radim Company, Italy).

Statistical analysis of the obtained results. The
numerical experimental data were processed using
variation statistics with the aid of a personal computer
AMD Athlon XP and licensed software STATISTICA
6.1 (serial number AGAR 909 E415822FA). The arith-
metic mean (M) and standard error of the mean (+m)
were calculated. The significance of the obtained results
was assessed using the parametric Student’s t test and
the non-parametric Mann — Whitney U test.

Results of the study. The assessment of burn wound
treatment results, presented in Table 1, indicates that
compared to untreated animals, both the tested leech
extract and the reference drug Dioxizol demonstrated
a pronounced wound healing effect, accelerating the
regeneration processes. The evaluation of the burn
eschar rejection rate showed that the activity of the com-
pared agents was higher relative to the control group. A
similar trend was observed in other indicators of thera-
peutic efficacy.

It should be noted that for a number of parameters,
the studied leech extract was significantly more effec-
tive compared to the control group, and in terms of the
timing of granulation appearance, onset of marginal
epithelialization, and complete healing time of the ther-
mal wound, it surpassed Dioxizol. Table 2 presents the
results of complete healing of burn wounds at various

Table 1

Criteria for the efficacy of the tested agents in burn wounds: healing time of burn wounds in rats (days)

Experimental grouns Resolution of perifocal | Rejecting | Granulation | Start of marginal Complete healing
P group reaction scab appearance | epithelialization | (full epithelia-lization)

(Themalcvj’;ﬁ;‘g) (n=10) 5,7+2,0 13,1 £1,7| 184+22 19,0 £2,0 47,740

Ther:;(ﬁ;gf?é‘i T(;e“h 1,7+0,7% 63+ 1,0¢| 80+12% 11,3 + 1,4% 28,0+ 2,1%
Thermal ‘Z’I?i“f(; Dioxizol 2,8+0,9 7,0+ 1,0% | 10,1 £2,0% 15,1 £ 1,5% 33,7 £2,4%

* —p < 0,05 compared to the control group;

' — p <0,05 compared to the dioxizol group.
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observation time points. By day 25, full epithelialization
of burn wounds occurred in 60% of rats treated with the
leech extract, 50% of rats treated with Dioxizol, and
10% of untreated rats. By day 30 of treatment, these val-
ues were 80, 60, and 30%, respectively.

Table 2
Percentage of completely epithelialized burn
wounds with the use of the tested agents
Day 25 | Day 30

10% 30%

Experimental groups

Control
(Thermal wound) (n = 10)

Thermal wound + Leech extract (n = 10) 60% 80%
Thermal wound + Dioxizol (n = 10) 50% 60%

The above indicates a higher therapeutic effect. As
shown in Table 3, after pathology modeling, oxidative
stress reactions are significantly activated, as evidenced by
an 8-fold increase in nitrotyrosine levels in the serum of
rats with burn wounds. Additionally, the burn wound model
leads to a pronounced surge in inflammatory responses.
We observed an 11,7-fold increase in the pro-inflamma-
tory cytokine IL-1f in the serum of rats with burn wounds.
Moreover, VEGF expression in the blood of rats with burn
wounds increased by 34,4% by day 30 of the experiment,
indicating the initiation of the burn healing process.

Course administration of leech extract led to a 56%
reduction in the oxidative stress marker nitrotyrosine and
a 70% decrease in the inflammatory marker IL-1f. Addi-
tionally, the course application of leech extract resulted
in a 37,5% increase in VEGF expression compared to
the control group. Regarding the degree of nitrotyrosine
and IL-1p reduction and VEGF elevation, leech extract
significantly outperformed the similar effects of Diox-
izal ointment. The Dioxizal ointment showed a signifi-
cant effect only on the reduction of IL-1p. These results
further confirm the pronounced wound-healing, antioxi-
dant, and anti-inflammatory effects of the leech extract.

Discussion of results. The obtained results from the
thermal burn wound model are consistent with other

studies that have demonstrated an increase in VEGF
during the proliferative phase of wound healing. VEGF
stimulates various cell types to cooperate in restoring
the epidermal and dermal layers of tissue and drives
the proliferative phase of healing, ultimately leading to
complete wound closure. In the context of burn injuries,
VEGEF levels are often elevated in the serum of burn
patients, indicating its crucial role in reparative pro-
cesses following burn trauma. Studies have also shown
that VEGF levels correlate with both local and systemic
tissue edema in burn patients, further highlighting its
involvement in vascular changes during burn wound
healing. VEGF is generally considered beneficial for
wound repair (Abdulazeem et al., 2022).

IL-1B is significantly elevated in burn wounds and
plays a crucial role in the mechanisms of secondary
damage to the skin and other target organs. Interaction
of IL-1P with its receptors activates nuclear transcription
factors AP-1 and NF-«xB, which alter the behavior of tar-
get cells, leading to the development of an acute-phase
cellular response, expression of other pro-inflammatory
mediators, stimulation of astrocyte expression of induc-
ible nitric oxide synthase (iNOS) and cytotoxic nitric
oxide derivatives, increased mitochondrial pore permea-
bility, and initiation of apoptosis (Cai et al., 2019).

IL-1B-induced hyperexpression of nitric oxide (NO)
in burn wounds leads to the activation of oxidative and
nitrosative stress and damage to the protein structures
of the skin, thereby slowing the processes of repara-
tive regeneration. In burn wounds, the presence and
increase of nitrotyrosine serve as indicators of oxidative
stress and the production of reactive nitrogen species,
such as peroxynitrite and nitrosonium ion. Nitrotyrosine
levels are often elevated both in burned skin and in the
blood and other organs following burn injury (Oliveira
et al., 2004; Belenichev et al., 2024b). The mechanism
of the observed effects of the leech extract is likely
related to its chemical composition. Several researchers
have shown that leech saliva and other parts may con-
tain compounds such as 1,2-benzisothiazol-3-amine,

Table 3
Concentration of molecular markers in serum
after burn wound on day 30 of the experiment
Experimental Groups Nitrotyrosine, ng/ml IL-1B, pg/ml VEGEF, pg/ml
Intact 0,91 +£0,041 0,32 +£0,021 72,3+3,.2
Control
(Thermal wound) (n = 10) 7,32 +£0,32* 3,77 £0,075* 97,2+6,7*
Thermal wound + Leech extract (n = 10) 3,22 £0,12%12 1,11 £0,042%2 133,7 £10,2*!2
Thermal wound + Dioxizol (n = 10) 6,83 +£0,33% 2,53 £0,074%*! 94,8 £ 8,2

* —p < 0,05 compared to the control group;

' —p < 0,05 compared to the intact group;
2—p < 0,05 compared to the Dioxizol gro

= 58
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2,6-di-tert-butyl-4-methylene-2,5-cyclohexadienone,
and various hydrocarbons. The leech extract may also
contain different biologically active proteins that can
similarly contribute to its anticancer and anti-inflam-
matory effects. Active proteins such as hirustasin and
bdelins can influence transcription factors and reduce
caspase-dependent apoptosis. Through the NF-xB
pathway, proteins in the leech extract may regulate the
expression of VEGF (Bouis et al., 2006; Colwell et al.,
2005). This explains the high wound-healing activity of
the leech extract revealed in our study. Hirudotherapy
and the use of leech extract-based preparations can sig-
nificantly increase VEGF expression in wounds. VEGF
is a potent growth factor that stimulates the formation
of new blood vessels, which is crucial for tissue res-
toration, wound healing, and various other biological
processes. This suggests that leech proteins may play a
role in stimulating angiogenesis, which is necessary for
wound repair.

The antioxidant activity of the leech extract identified
in our study may be associated with gibberellic acid. Sev-
eral studies have demonstrated that gibberellic acid plays
a role in regulating antioxidant defense mechanisms by
increasing the activity of key enzymes such as super-
oxide dismutase, ascorbate peroxidase, and glutathione
reductase, thereby reducing cellular oxidative damage.

Gibberellic acid is a factor that stimulates tissue growth
and repair (Iftikhar et al., 2019; Asif et al., 2022). Gib-
berellic acid demonstrated a high affinity for the anti-ap-
optotic protein Bcl-2 in docking analysis (Bilden et al.,
2025). Antistasin is also an active compound isolated
from leeches, exhibiting both anticoagulant and anti-in-
flammatory effects. Leeches contain proteins that interact
with IL-1PB and thereby may interrupt IL-1B-dependent
inflammatory responses, apoptosis, and oxidative stress
(Sig et al., 2017; Van Den Eeckhout et al., 2021).

Conclusions. Thus, for the first time, we have
demonstrated the therapeutic effect of leech extract
in an experimental burn wound model, aimed at
accelerating reparative skin regeneration. The mech-
anism underlying this effect of leech extract involves
reparative, anti-inflammatory, and antioxidant path-
ways. In terms of efficacy, the leech extract surpasses
the reference drug, Dioxizole ointment. The obtained
results justify the promise of further investigation of
leech extract.

Prospects for further research: we plan to conduct
a more detailed study of the antioxidant mechanism of
leech extract in various wounds — specifically, its effects on
oxidative modifications of proteins and lipids, as well as
its influence on the expression of key antioxidant defense
enzymes such as Cu/Zn-SOD, GPR-1, and GPR-4.
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